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Abstract 20 
A new PCR-based method to detect putative exopolysaccharide (EPS) producers from the 21 
genus Bifidobacterium was developed based on the detection of two priming 22 
glycosyltransferase genes:  rfbP (undecaprenyl-phosphate sugar phospho-transferase) and 23 
cpsD (galactosyl-transferase). An in silico analysis of the genomes of 28 bifidobacterial 24 
strains, belonging to 8 different species, allowed us to detect rfbP, cpsD, or both, in the large 25 
majority of the genomes. Based on DNA sequence homology studies, twenty four 26 
degenerated primers were synthesized in order to select the primer pairs with the broadest 27 
capacity to detect the presence of these genes. Four primer pairs targeting internal regions of 28 
rfbP and cpsD were selected, allowing the detection of at least one of the two genes in 63 out 29 
of 99 bifidobacterial strains analyzed, whereas control strains from other genera yielded 30 
negative results, suggesting that these genes are widely spread in this genus. The use of these 31 
primers is recommended to screen for the potential of Bifidobacterium strains to produce EPS. 32 
 33 
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1. Introduction 35 
Exopolysaccharides (EPS) are carbohydrate polymers present as an extracellular layer 36 
in Gram positive and Gram negative bacteria that could form a capsule or could be secreted 37 
displaying a network-like structure. One of the main interests in EPS producing strains is 38 
related to their application in the industrial sector (De Philippis et al., 2011, Rehm, 2010) and 39 
their positive impact on human health (Round JL. et al., 2009, 2011). The health benefits 40 
promoted in the host by the probiotic strains, i.e. “live microorganisms which when 41 
administered in adequate amounts confer a health benefit on the host” (FAO/WHO, 2006), 42 
have been related, on some occasions, with the production of EPS (Fanning et al., 2012; 43 
Nikolic et al., 2012). Most common bacteria used as probiotics belong to Lactobacillus and 44 
Bifidobacterium genera. Both are Gram positive, natural inhabitants of the gastrointestinal 45 
tract of animals (Turroni et al., 2013, Ventura et al., 2012) and some species also inhabit the 46 
oral cavity (Ventura et al., 2009). The composition and structure of the repeating unit of some 47 
EPS polymers has been described using nuclear magnetic resonance (NMR) for members of 48 
Lactobacillus and other lactic acid bacteria (LAB) (Behare et al., 2009, Laws et al., 2001) and 49 
for bifidobacteria (Hidalgo-Cantabrana et al., 2014, Leivers et al., 2011).  50 
To date, the mechanism of EPS synthesis in these bacterial groups is still not clear, 51 
although, in recent years some information has been elucidated and several reports have 52 
characterized the genes involved in the EPS synthesis in Streptococcus thermophilus 53 
(Broadbent et al., 2003) and other LAB (Boels et al., 2001; Denou et al., 2008; Dertli et al., 54 
2013). In some species of LAB, the genes involved in EPS synthesis are located in clusters 55 
with a highly conserved structural-functional organization. These genes can be categorized 56 
into four groups: regulatory genes, proteins involved in polymerization and chain length 57 
determination, glycosyltransferases (GTF), and the last group is genes involved in transport 58 
and polymerization (Hidalgo-Cantabrana et al., 2014). In bifidobacteria there is not such a 59 
consensus in the genetic organization but the genes present have similar functions based on 60 
homology studies, although the organization within the clusters is largely different (Hidalgo-61 
Cantabrana et al., 2014). One of these genes is the priming-GTF, which is a specific GTF that 62 
transfers a sugar-1-phosphate to a lipophilic carrier molecule that is anchored in the bacterial 63 
membrane. This is the first step of EPS synthesis and some authors have described that the 64 
deletion, or inactivation, of the priming-GTF dramatically reduces EPS synthesis (Low et al., 65 
1998; Stingele et al., 1996; van Kranenburg et al., 1997). In Lactobacillus jonshonii FI9785 66 
the deletion of the priming-GTF gene, epsE, reduces the two different EPS usually produced 67 
to only one (Dertli et al., 2013). In bifidobacteria, the priming-GTF genes could be annotated 68 
in genomic databases as “undecaprenyl-phosphate sugar phospho-transferase” (rfbP) or 69 
“galactosyl-transferase” (cpsD). Both, rfbP and cpsD, are highly conserved between 70 
Bifidobacterium species and most bifidobacterial genomes harbor one of these priming-gtf, 71 
some strains harboring both genes (Hidalgo-Cantabrana et al., 2014).  72 
A molecular approach to detect cpsD and rfbP has been used before to identify EPS-73 
producing strains for LAB (Provencher et al., 2003) and bifidobacteria (Ruas Madiedo et al., 74 
2007). In this study, after in silico analyzing the presence of priming-GTF genes in publically 75 
available bifidobacterial genomes, we designed degenerated oligonucleotide primers to detect, 76 
by PCR, the genes cpsD and rfbP specifically in Bifidobacterium genus. 77 
 78 
2 Material and methods  79 
2.1 In silico analysis 80 
To analyse the ubiquity of the priming-GTF genes in the genus Bifidobacterium an in 81 
silico analysis was performed with the 28 bifidobacterial complete genomes available at the 82 
time of writing in the GenBank database (http://www.ncbi.nlm.nih.gov/genbank). The two 83 
priming-GTF genes, rfbP (accession number: NP_695455) and cpsD (NP_695447), from 84 
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Bifidobacterium longum subsp. longum NCC2705 (AE014295, Schell et al., 2002), were used 85 
as a template to screen and identify the priming-GTF genes in all complete bifidobacterial 86 
genomes. For this purpose, the Basic Local Alignment Search Tool, BLAST (Zhang et al., 87 
2000) available at the National Center for Biotechnology Information site, NCBI 88 
(http://www.ncbi.nlm.nih.gov/) was used. Then, a phylogenetic tree was depicted based on the 89 
amino acid sequence alignment of both priming-GTF using the ClustalX 2.1 software 90 
(http://www.clustal.org, Larkin et al., 2007); for clustering, the Neighbour-Joining method 91 
with a total of 100 bootstrap replicates was applied, as implemented in the free software 92 
SplitsTree 4.12.3 (http://www.splitstree.org, Huson and Bryant, 2006).  93 
 94 
2.2 Bacterial strains and growth conditions 95 
A collection of 99 Bifidobacterium strains held in the “Instituto de Productos Lácteos de 96 
Asturias” (IPLA) collection, from different origins, such as breast milk, infant and adult 97 
faeces, commercial dairy products and culture collection strains, were used in this study. 98 
Another 12 strains belonging to other genera were used as a control. Bifidobacterial strains 99 
were routinely cultivated in MRSC [MRS Difco (BD, Biosciences, San Diego, CA) 100 
containing 0.25% L-cysteine-HCl (Sigma-Chemical Co., St. Louis, MO)] at 37ºC under 101 
anaerobic conditions (80% N2, 10% CO2, 10% H2) in an MG500 chamber (Don Whitley 102 
Scientific, West Yorkshire, UK). The media and growth temperature used for negative control 103 
microorganisms was: MRS at 37ºC for Lactobacillus rhamnosus LMG 18243 (GG), Lb. 104 
plantarum H2 and Lb. casei BA61, M17 (Oxoid, Hampshire, England) at 32ºC for 105 
Lactococcus lactis subsp. cremoris V31, Streptococcus thermophlilus St.-Body and 106 
Enterococcus faecalis IF3/1, MRS at 32ºC for Leuconostoc mesenteroides CECT 394, LB at 107 
37°C for Escherichia coli LMG 2092. GAMC [GAM (Nissui Seiyaku Co., Ltd., Tokyo) 108 
containing 0.25% L-cysteine] was used for Bacteroides thetaiotaomicron DSMZ 2079 and 109 
Blautia coccoides DSMZ 935, RCM (Oxoid) for Clostridium difficile LMG 21717 and MRSC 110 
for Parascardovia denticoles BM7/11. Bacteroides, Blautia, Clostridium and Parascardovia 111 
were cultivated at 37ºC under anaerobic conditions.  112 
Strains from stocks (stored at -80ºC in broth with 20% glycerol) were plated on the 113 
surface of agar media; after 48 h incubation a single colony per strain was picked to inoculate 114 
10 ml broth that was incubated overnight. This overnight culture was used to inoculate 1% 115 
(v/v) 10 ml broth and cultures were grown for 18 h at optimal conditions for DNA extraction. 116 
 117 
2.3 DNA isolation and purification 118 
 Bacterial cells were harvested from 1.5 ml cultures by centrifugation at 6.000 xg for 119 
10 min. Cells were washed once with phosphate-buffered saline (PBS) (Amresco, Ohio, USA) 120 
and centrifuged as before. Chromosomal DNA of bacterial cells was isolated using the 121 
“GenElute Bacterial Genomic DNA” kit (Sigma-Aldrich) according to the manufacturer’s 122 
recommendations. For Gram positive strains the first step was modified with the addition of 123 
lysozyme (10 mg/ml) (Merck, Darmstadt, Germany) and mutanolysin (5 U) (Sigma-Aldrich) 124 
and incubation at 37ºC for 1 h. The isolated DNA was stored at -20ºC. Samples were run on 125 
1% agarose gel electrophoresis and concentration of DNA was measured in Gen5
TM
 Teck3 126 
Module (BioTek, Vermont, USA). 127 
 128 
2.4 Design of degenerate PCR primers  129 
Degenerate primers (Table 1) were designed for each priming-GTF genes, cpsD and 130 
rfbP, to detect potential EPS producing bifidobacteria by PCR amplification. Firstly, each 131 
priming-GTF from the strain B. longum subsp. longum NCC2705 was used as a template to 132 
search the priming-GTF in other bifidobacterial genomes available in the GenBank database, 133 
as described above. Then, sequences encoding the priming-GTF of several bifidobacteria 134 
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were selected from the GenBank database. For the cpsD, 7 gene sequences were selected: 135 
BL0237 (accession no. NP_695447) from B. longum subsp. longum NCC2705, BAD_1389 136 
(YP_910252) from Bifidobacterium adolescentis ATCC 15703, BIFANG_03177 137 
(ZP_04448174) from Bifidobacterium angulatum DSM 20098, BLIG_00247 (ZP_04665465) 138 
from B. longum subsp. infantis CCUG 52486, BIFGAL_04272 (ZP_05966491) from 139 
Bifidobacterium gallicum DSM 20093, BIFPSEUDO_03247 (ZP_03742673) from 140 
Bifidobacterium pseudocatenulatum DSM 20438 and BLA_0595 (YP_002469468) from 141 
Bifidobacterium animalis subsp. lactis AD011. For the rfbP, 7 gene sequences were selected: 142 
BL0249 (NP_695455) from B. longum subsp. longum NCC2705, BIFBRE_03332 143 
(ZP_06595517) from Bifidobacterium breve DSM 20213, Blon_2114 (YP_002323554) from 144 
B. longum subsp. infantis ATCC 15697, BIFADO_01843 (ZP_02029386) from B. 145 
adolescentis L2-32, HMPREF9003_1455 (ZP_07696327) from Bifidobacterium dentium 146 
JCVIHMP022, BIFCAT_01253 (ZP_03324464) from Bifidobacterium catenulatum DSM 147 
16992 and BIFPSEUDO_0324 (ZP_03742673) from B. pseudocatenulatum DSM 20438. The 148 
ClustalX algorithm was used to align the amino acid and nucleotide sequences of each 149 
priming-GTF (Supplementary material 1) to find the most conserved part of the gene. Finally, 150 
degenerated primers were designed in this conserved part and were synthesized by Sigma-151 
Aldrich. 152 
Five forward (F) and six reverse (R) primers were designed for the cpsD and seven 153 
forward and six reverse for the rfbP (Table 1). The possible combinations between forward 154 
and reverse primers for each priming-GTF, yielding amplicons between 120 bp to 1.2 kb 155 
(Table 2), were tested in the Bifidobacterium strains and in the 12 strains, of other genera, 156 
selected as negative controls.  157 
 158 
Table 1. Degenerated primers designed in this work to amplify by PCR the priming-GTF 159 
genes, cpsD and rfbP, specifically in Bifidobacterium genus. The nucleotide annealing 160 
position of each primer is indicated (5’ → 3’) based on the nucleotide sequence of cpsD and 161 
rfbP from B. longum subsp. longum NCC2705. 162 
Primer name Sequence (5’→ 3’) Annealing position (5’→ 3’) 
cpsD_F1 GGCRTKTAYCAYCGBCATGT 271 - 290 
cpsD_F2 CATGTKATGGGTGAHGGYTAY 286 - 307 
cpsD_F3 YBRTGGCSWTBGCSATCAA 1022 - 1040 
cpsD_F4 YGGCAAGTCGTTYWAKATS 1092 - 1110 
cpsD_F5 TWCAAGMTSAAGVAYGAYCC  1195 - 1214 
cpsD_R1 TTRWDSATMTWRAACGGCTTG 1115 - 1095 
cpsD_R2 KCGGRTCRTBCTTSAKCTTG 1216 - 1197 
cpsD_R3 ARGAACTGSGGVARYTCRTC 1277 - 1258 
cpsD_R4 CRGTRATRCCRGGCTTVAC 1393 - 1375 
cpsD_R5 GTRATRCCRGGCTTVACSARC 1391 - 1371 
cpsD_R6 CCDGANACYTGCCAVGGRCC 1412 - 1391 
rfbP_F1 TYGMVCGTTGGMWKATGCG 620 - 638  
rfbP_F2 TYGGVTCWYCSGAAGGYATC 695 - 714 
rfbP_F3 CTSAAGGTGWTKCCRYTSAA 871 - 890 
rfbP_F4 TCYBTGGCWGAYKTSAGCGG 1030 - 1049 
rfbP_F5 ATGTAYAARTTCCGYTCCATG 1285 - 1305 
rfbP_F6 TTCAARMTSAARGAYGATCC 1372 - 1391 
rfbP_F7 GARKTYCCCCARTTCTWYAA 1438 - 1457 
rfbP_R1 TTSARYGGMAWCACCTTSAG 890 - 871 
rfbP_R2 GTTTTACGRATRAARYKACC 1427 - 1408 
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rfbP_R3 GGMCCAACCARRSWCATRTC 1490 - 1471 
rfbP_R4 CCGGAMAYCTGCCAHGGWCC 1589 - 1570 
rfbP_R5 AGAATGRCRAWRTCSCCHG 1676 - 1658 
rfbP_R6 AKRTCBCCHGYRATRGACCA 1667 - 1648 
 163 
2.5 PCR amplification 164 
After the optimization of PCR conditions, the final reaction mixture and amplification 165 
steps were: 1 µl DNA, 0.2 µM of each primer, 200 µM dNTPs (Amersham Bioscience, 166 
Upsala, Sweden), and 2.5 U Taq DNA-polymerase (Eppendorf, Hamburg, Germany) in a 25 167 
µl reaction volume. PCR reactions were performed in duplicate in an UnoCycler thermal 168 
cycler (VWR International Eurolab S.L., Barcelona, Spain). The PCR thermal conditions 169 
were an initial incubation step of 95ºC for 5 min, 30 amplification cycles of a denaturation 170 
step at 95ºC for 1 min, annealing step at 50-60ºC (depending on the primer) for 50 s and 171 
elongation step of 68ºC for 1-1.3 min, and a final elongation step of 68ºC for 10 min. PCR 172 
products were stored at 4ºC and visualized under UV after electrophoresis in 1-1.5% agarose 173 
gels and staining with ethidium bromide. 174 
 175 
Table 2. Possible combinations between forward and reverse primers used to amplify by PCR 176 
each priming-GTF, with expected amplicons between 120 bp to 1.2 kb. The annealing 177 
temperature and the elongation time, as well as amplicon size (base pair) for each 178 
combination are indicated. The grey shadow indicates pair combinations selected for further 179 
checking steps and those shadowed in dark-grey were the pair combinations finally used for 180 
the genetic screening in a collection of 118 bifidobacteria. NP indicates not performed.  181 
 Primers for priming-GTF cpsD 
 cpsD_R1 cpsD_R2 cpsD_R3 cpsD_R4 cpsD_R5 cpsD_R6 
cpsD_F1 
56ºC, 60 s 
(824 bp) 
56ºC, 60 s 
(759 bp) 
56ºC, 60 s 
(987 bp) 
56ºC, 80 s) 
(1,104 bp) 
56ºC, 80s 
(1,100 bp) 
56ºC, 80 s 
(1,122 bp) 
cpsD_F2 
56ºC, 60 s 
(809 bp) 
56ºC, 60 s 
(744 bp) 
56ºC, 60 s 
(972 bp) 
56ºC, 80 s 
(1,089 bp) 
56ºC, 80 s 
(1,085 bp) 
56ºC, 80 s 
(1,107 bp) 
cpsD_F3 NP NP 
56ºC, 60 s 
(236 bp) 
56ºC, 60 s 
(353 bp) 
56ºC, 60 s 
(349 bp) 
56ºC, 60 s 
(371 bp) 
cpsD_F4 NP NP 
56ºC, 60 s 
(166 bp) 
56ºC, 60 s 
(283 bp) 
56ºC, 60 s 
(279 bp) 
56ºC, 60 s 
(301 bp) 
cpsD_F5 NP 
56ºC, 60 s 
(165 bp) 
NP 
56ºC, 60 s 
(180 bp) 
56ºC, 60 s 
(176 bp) 
56ºC, 60 s 
(198 bp) 
 Primers for priming-GTF rfbP 
 rfbP_R1 rfbP_R2 rfbP_R3 rfbP_R4 rfbP_R5 rfbP_R6 
rfbP_F1 
56ºC, 60 s 
(251 bp) 
56ºC, 60 s 
(781 bp) 
56ºC, 60 s 
(851 bp) 
56ºC, 60 s 
(950 bp) 
56ºC, 80 s 
(1,038 bp) 
56ºC, 80 s 
(1,028 bp) 
rfbP_F2 
56ºC, 60 s 
(177 bp) 
56ºC, 60 s 
(714 bp) 
56ºC, 60 s 
(777 bp) 
56ºC, 60 s 
(876 bp) 
56ºC, 60 s 
(964 bp) 
56ºC, 60 s 
(954 bp) 
rfbP_F3 NP 50ºC, 60 s 50ºC, 60 s 50ºC, 60 s 50ºC, 60 s 50ºC, 60 s 
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(537 bp) (600 bp) (699 bp) (787 bp) (767 bp) 
rfbP_F4 
60ºC, 60 s 
(159 bp) 
60ºC, 60 s 
(378 bp) 
60ºC, 60 s 
(441 bp) 
60ºC, 60 s 
(540 bp) 
60ºC, 60 s 
(628 bp) 
60ºC, 60 s 
(618 bp) 
rfbP_F5 
60ºC, 60 s 
(415 bp) 
60ºC, 60 s 
(123 bp) 
60ºC, 60 s 
(186 bp) 
60ºC, 60 s 
(285 bp) 
60ºC, 60 s 
(373 bp) 
60ºC, 60 s 
(363 bp) 
rfbP_F6 
50ºC, 60 s 
(501 bp) 
NP NP 
50ºC, 60 s 
(198 bp) 
50ºC, 60 s 
(286 bp) 
50ºC, 60 s 
(276 bp) 
rfbP_F7 
50ºC, 60 s 
(567 bp) 
NP NP 
50ºC, 60 s 
(132 bp) 
50ºC, 60 s 
(220 bp) 
50ºC, 60 s 
(210 bp) 
 182 
2.6 DNA sequencing and analysis 183 
PCR products of the required size were sent to Macrogen (Seoul, Korea) for 184 
purification and sequencing of each DNA strand using the forward and reverser primers. 185 
Sequences obtained were processed with the free software Chromas 1.45 (Technelysium Pty 186 
Ltd., Australia) and then compared with those held in the GenBank database using the 187 
BLASTn tool.  188 
 189 
3. Results and Discussion 190 
3.1 In silico analysis 191 
An in silico analysis was performed with the priming-GTF genes present in the 28 192 
bifidobacterial complete genomes available in the GenBank database. The priming-GTF 193 
genes were detected in most of the bifidobacterial genomes analysed, reflecting the ubiquity 194 
of these genetic determinants and the wide-spread putative EPS production capability in the 195 
genus Bifidobacterium. Remarkably, some strains harboured both priming-GTF genes, cpsD 196 
and rfbP, whereas other strains from the same species only one. The phylogenetic tree 197 
performed with the amino acid sequences of the priming-GTF found in the bifidobacterial 198 
genomes showed a clear separation of the two enzymes, RfbP and CpsD, in two phylogenetic 199 
branches (Figure 1). Even this division was kept when a given strain harboured both genes in 200 
its eps cluster, such as is the case of B. animalis subsp. lactis DSM10140 and B. longum 201 
subsp. longum NCC2705. This clearly showed that there are two different genes conserved 202 
between species, and not two copies of the same gene. The homology in the amino acid 203 
sequences of the priming-GTF could be related to the presence of conserved regions involved 204 
in the interaction with the lipid carrier. Whereas, the divergences between species could be 205 
due to sequence domains involved in the recognition of specific sugar moieties (Provencher et 206 
al., 2003; Ruas-Madiedo et al., 2007). 207 
 208 
Figure 1. Phylogenetic tree based on the amino acid sequences of the priming-GTF 209 
genes, cpsD and rfbP, detected in the bifidobacterial complete genomes available in the 210 
GenBank data base  211 
 212 
3.2 Priming-GTF genes detection by PCR using specific degenerated primers  213 
Twenty four degenerated primers targeted to the priming-GTF genes, cpsD and rfbP, present 214 
in bifidobacteria were designed as described above. Initially, all possible combinations (24 for 215 
cpsD and 37 for rfbP) between forward and reverse degenerated primers were tested in B. 216 
longum subsp. longum NCC2705 to check positive amplification and to standardize the PCR 217 
protocols (Table 2).  Some of the primer pairs (17 out of 24 for cpsD and 30 out of 37 for 218 
rfbP) were discarded due to the absence of, or unspecific, amplification. The PCR products of 219 
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the remaining primers were sequenced, analyzed and compared to sequences held in the 220 
GenBank database to confirm the specific amplification of each priming-GTF. All amplicons 221 
displayed DNA sequences that matched 100% with the corresponding B. longum genes; 222 
therefore 14 primer pair combinations (7 for cpsD and 7 for rfbP) (grey and dark-grey 223 
shadow, Table 2) were selected to continue with the study. These primers were tested in one 224 
representative strain from 9 species of bifidobacteria, putatively harboring at least one of the 225 
priming-GTF genes according to the in silico analysis: B. adolescentis CECT 5781, B. 226 
animalis subsp. lactis A1dOxR, B. bifidum A8, B. breve BM12/11, B. dentium LMG 110445, 227 
B. longum subsp. infantis CECT 4551, B. longum subsp. longum NCC2705, B. 228 
pseudocatenulatum A102 and B. pseudolongum LMG 11569. Some primers were discarded 229 
due to the absence of amplification. Then the remaining primer combinations (4 for cpsD and 230 
3 for rfbP) were tested in 12 representative bacteria, not belonging to Bifidobacterium genus, 231 
from food and intestinal origin, which were selected as negative controls to check the 232 
specificity for bifidobacteria of the selected primers. The primers which amplified any of the 233 
negative controls were discarded. After these procedures, only two pairs of degenerated 234 
primers for each priming-GTF gene were selected (dark-grey shadow, Table 2) as potential 235 
candidates to detect EPS-producing strains specifically in Bifidobacterium genus.  236 
These 4 primer pairs were tested in another 90 bifidobacteria strains from the IPLA 237 
collection isolated from different sources (Table 3). From a total of 99 strains, a maximum of 238 
88 amplicons were obtained (51 from cpsD and 37 from rfbP). Additionally, the PCR 239 
products of some representative strains for each species were sequenced and all of them 240 
displayed the expected DNA sequence (data no shown). The BLASTn analysis of sequences 241 
confirmed that the primers cpsD_F1R2, cpsD_F4R6 for cpsD and rfbP_F3R4, rfbP_F5R5 for 242 
rfbP amplified each priming-GTF specifically in bifidobacteria. Both primers for cpsD gene 243 
were able to amplify this priming-GTF in a wide range of Bifidobacterium species (Table 3); 244 
this result gives an idea of how spread the cpsD gene in Bifidobacterium genus is. A higher 245 
number of strains was amplified using the primer cpsD_F4R6 (49.5%) with respect to that of 246 
cpsD_F1R2 (40.4%); however, the cpsD gene of B. pseudolongum and B. dentium was 247 
exclusively detected with the primer cpsD_F1R2. Therefore, the use of both pairs of primers 248 
will allow the successful detection of this priming-GTF in a wider bifidobacterial spectrum.  249 
 250 
Table 3. Number of positive amplifications obtained for the final primers selected to detect 251 
putative EPS-producing strains in Bifidobacterium genera. 252 
 253 
 254 
  cpsD  rfbP 
Species Nº strains F1R2 F4R6  F3R4 F5R5 
B. adolescentis  1 1 1  - - 
B. animalis subsp. lactis 21 18 18  - - 
B. bifidum 19 2 7  - - 
B. breve 8 - -  7 7 
B. dentium 1 1 -  -  1 
B. longum subsp. longum 37 16 18  20 14 
B. longum subsp.  infantis 2 1 1  1 1 
B. pseudocatenulatum 9 - 4  8 - 
B. pseudolongum 1 1 -  - - 
Total 99 40 49  36 23 
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The primers rfbP_F3R4 and rfbP_F5R5 were able to amplify the rfbP in five species, 255 
but it was detected in a lower number of species than the cpsD. The number of positive strains 256 
was also considerably reduced (36.4% and 23.2% for rfbP_F3R4 and rfbP_F5R5, 257 
respectively). With these results, the rfbP gene seems to be less wide-spread in bifidobacteria 258 
than cpsD. However, after the in silico analysis we found other species, such as B. asteroides 259 
and B. thermophilum (Figure 1), that harbor this gene, which were not screened by PCR in 260 
this study. Therefore, in light of the current study, we cannot ascertain that the priming-GTF 261 
rfbP is present in a lower percentage in bifidobacteria taxon. 262 
No amplification was obtained for B. breve strains with the primers targeting cpsD, 263 
whereas all the strains of this specie were positive with rfbP primers; therefore it seems that 264 
the only gene coding for the priming-GTF in the B. breve strains analyzed in this work is the 265 
rfbP. Moreover, the presence of rfbP is not a trait particular to the B. breve strains analyzed in 266 
this study, as B. breve UCC2003 also contains this gene (Fanning et al., 2012) and it was 267 
found in the in-silico analyses of the B. breve genomes available in the Genbank (Figure 1). 268 
On the other hand, no amplification was obtained for the rfbP gene in the strains of B. 269 
adolescentis, B. animalis subsp. lactis, B. bifidum and B. pseudolongum. First thoughts are 270 
that this species doesn’t harbor the rfbP gene and only harbors the cpsD; but, as was shown in 271 
the in silico analysis (Figure 1), some strains from B. animalis subsp. lactis and B. bifidum 272 
S17 also harbor the rfbP gene. The absence of amplification in this species could be related to 273 
the high genetic variability of this gene in these two species (data not shown).  274 
Then, the four primers proposed in this work could be used by PCR as a screening 275 
method to detect putative EPS-producing bifidobacteria strains. These primers are not general 276 
for all species, neither for the two priming-GTF genes. Therefore, the best approach to search 277 
for these genes in a collection of bifidobacteria will be the use of the four primer pairs.  278 
Finally, a homology study was done to analyze the similarity between the proteins 279 
encoded by rfbP and cpsD. For this purpose, the primers cpsD_F4R6 and rfbP_F5R5 were 280 
selected as representative of each gene, since both primer pairs amplified DNA regions of a 281 
similar size in the 3’-end of the gene (coding for the C-terminal region of each protein). From 282 
these PCR sequences, 65 amino acids from the C-terminal region were selected out of the 100 283 
amino acids obtained. The multiple alignments performed, using the ClustalW algorithm, 284 
showed that both primers amplify a similar, conserved region in each gene (Figure 2). This 285 
region, which is the most conserved part, has been described as involving a domain 286 
implicated in the interaction of the priming-GTF with the lipid carrier; the other domain is 287 
implicated in the recognition of the sugar specificity and therefore seems to be more variable 288 
(Wang. et al., 1996; Ruas-Madiedo et al., 2007).  289 
 290 
Figure 2. Alignment of the amino acid sequences (65 amino acids each) deduced from 291 
the PCR amplifications with the degenerated primers cpsD_F4R6 and rfbP_F5R5 292 
 293 
The data obtained in this work supports previous analyses carried out in our group and 294 
suggests that the EPS production capability is widely distributed among bifidobacteria 295 
(Hidalgo-Cantabrana et al., 2014). Here we have confirmed that the priming-GTF genes are 296 
present in 88 strains of the 99 analyzed. In fact, the EPS production and the structure of the 297 
repeating unit of the EPS-polymer have been characterized for some of the strains used in this 298 
study: B. infantis ATCC15697 (Tone-Shimokawa et al. 1996) and B. animalis subsp. lactis 299 
A1dOxR (Leivers et al., 2011). In other strains, although the EPS structure has not been 300 
characterized, the production has been proven as in the EPS-producing B. animalis subsp. 301 
lactis E43 (Salazar et al., 2008), A1, A1dOx, PBT, Mn6, IPLA4549 and the strains of B. 302 
longum H67, H73, L55 (Salazar et al., 2008) and NB667 (Salazar et al., 2012). In these strains 303 
positive amplification was obtained for cpsD but not for rfbP. The absence of amplification of 304 
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rfbP, which is present in the eps cluster from B. animalis subsp. lactis (Hidalgo-Cantabrana et 305 
al., 2014), could be related to the nucleotide divergence of this gene compared with other 306 
bifidobacteria (Supplementary material 1).  On the other hand, in the EPS-producing strains of 307 
B. pseudocatenulatum E515, A102 and H34G (Salazar et al., 2008) the rfbP gene was 308 
amplified but not cpsD, probably indicating that these strains only harbour one of the priming-309 
GTF. The molar mass distribution and the monosaccharide ratio of the isolated EPS of these 310 
B. longum and B. pseudocatenulatum strains have also been determined (Salazar et al., 2009), 311 
proving the EPS production by these strains.  312 
 313 
4. Conclusion 314 
In conclusion, we have analyzed 15 Bifidobacterium strains in which EPS production 315 
has been described in previous studies, and positive amplification was obtained for all of them 316 
with the selected primers, supporting the use of degenerate primers to detect putative EPS-317 
producing strains. The developed degenerated primers of the priming-GTF genes are useful to 318 
detect putative EPS-producing strains in bifidobacteria. This method will facilitate the 319 
screening and selection of bifidobacteria harboring genes involved in the synthesis of EPS 320 
from different origins, as a prior step to the tedious and time-consuming task of polymer 321 
isolation and purification.  322 
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Figure 1. Phylogenetic tree based on the amino acid sequences of the priming-GTF 438 
genes, cpsD and rfbP, detected in the bifidobacterial complete genomes available in the 439 
GenBank data base. The annotation code of each gene is indicated between brackets. The 440 
clustering algorithm used was the Neighbour-joining method and the number associated with 441 
the branches indicates the bootstrap (statistical confidence of the phylogenetic relationships) 442 
for a total of 100 replicates. The tree was rooted using the dnaA of B. animalis subsp. lactis as 443 
an outgroup. Bar scale indicates the number of substitutions per site. 444 
 445 
Figure 2. Alignment of the amino acid sequences (65 amino acids each) deduced from 446 
the PCR amplifications with the degenerated primers cpsD_F4R6 and rfbP_F5R5. The 447 
picture shows residues from D
404
 to Q
468
 in cpsD and from D
463
 to Q
527
 in rfbP, according to 448 
the genome annotation of B. longum NCC2705 (Acc. No. AE014295). For each strain, the 449 
corresponding priming-GTF gene is indicated. Dark shading indicates the amino acids that are 450 
identical in all the samples, and light shading indicates conserved amino acid residues (only 451 
two different amino acids between strains). Consensus sequence was depicted taking into 452 
consideration the identical amino acids. 453 
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